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The objective of this project is to design and build a testing
system for windmills built as part of elementary, middle, and
high school competitions. The system allows competitors to
install any windmill blades they design on a windmill mount and
measures the power generated by their design under controlled
wind conditions. In addition, the system allows the automation of
the competition’s registration, testing, and ranking processes. A
team of undergraduate students developed this system as their
senior year engineering design project. This applied research




A Raspberry Pi 3B reads generated power data, actuates the
blower fan, drives the results display, and interacts with the
Google Drive, via Wi-Fi, to rank teams’ designs for the
competition. The electrical system’s circuit, shown in Figure 6,
collects voltage and current readings from an INA219 sensor,
which the Raspberry Pi uses to calculate the generated power.
Additionally, a safety switch, S1, is integrated into the access
door of the device to prevent it from running when the door is
open. When the safety switch is opened, an interrupt is triggered
to signal the relay module, U1, to open the relay on the blower
fan’s AC supply line and cut off power to the fan.
MECHANICAL ANALYSIS
Finite element analyses (FEA) were conducted on the following critical parts of the device:
windmill mount, 3D printed ring clip, and 3D printed shape holder clip. This was
accomplished to determine if the components could withstand the maximum force of 4.08
lbf and the maximum moment of 5.48 lbf-ft encountered during a windmill test. The result
of the FEA performed on the windmill mount is shown in Figure 4. It confirms that during
a windmill test the windmill mount will be able to withstand the maximum load exerted
by the airflow while maintaining minimum deflection. The result of the FEA performed on
the 3D printed frame components, shown in Figure 5, ensured they can support the forces
exerted by the device. The FEAs, along with hand calculations, prove that the design can
withstand the expected loads.
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CONCLUSION
After registration, competition participants will load their windmill blades into a locking windmill blade hub, shown in Figure 1. The lower joint
on the mount is used to rotate the entire mount to facilitate the attachment of the windmill blade hub, while the upper joint is used to change the
rotational axis of the windmill, depending on the competing teams’ design preference. The hub is then attached to the generator at the top of the
windmill mount, shown in Figure 3, via a rotating locking mechanism attached to the generator’s shaft. Once the blades are loaded and the
access door is closed, the team will input, via keyboard, their team ID number provided during registration to start the test. The blower fan will
turn on for one minute, and the generated power will be displayed in real time to an external display via HDMI. Once the testing period is over,
the results will be uploaded to the cloud and the competition leaderboards will be displayed on the external display.
Figure 2. Windmill blade competition testing device.Figure 1. Windmill blade hub.
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Figure 4. Windmill mount displacement analysis.
BACKGROUND
The Alief ISD in Houston collaborated with the UT Tyler
Houston Engineering Center to develop a competition to increase
STEM interest in younger audiences. The current competition
was designed for elementary, middle, and high school students.
This competition gauged the performance of the windmill blades
on how much voltage they could produce when attached to a
small DC generator. The sponsor requested that this
competition’s registration, testing, and results display procedures
be automated and streamlined to improve competition efficiency
and decrease the amount of human error present. This required
the development of a windmill blade testing apparatus and a
competition registration and results display system. Additionally,
the sponsor emphasized a preference to keep the developed
testing device aesthetically pleasing in order to increase the








Device can be broken down into 
multiple parts
Required Yes N/A
The device will separate into smaller 
parts that can each be moved by a team of 
at most 2 people.
Support horizontal and vertical 
windmill axes
Required Yes N/A
The device will have a generator mounted 
on a hinge to allow for both orientations 
to be tested.
Utilize a non-rectangular testing 
chamber
Optional Yes N/A
The device may use a more “aesthetically 
appealing” shape per sponsor request.




The device will support different windmill 
blade lengths up to 12” in length within the 
test chamber.
Support a varying number of 
windmill blades
Required 1-6 Blades
The device will support windmills with up 
to 6 blades (in balanced configurations).
Standardize windmill blade-to-hub 
interface for the competition
Required Yes N/A
The competition participants will be 
provided with the specifications that their 
windmill blade-to-hub connections will 
have to utilize.
Measure DC power with current 
and voltage sensors
Required Yes Watts
The device will measure current and voltage 
and internally calculate the electric (DC) 
power generated.
Include a safety blower fan shutoff Required Yes N/A
The device will have a switch that can be 
opened to shut off the blower fan.
Record team name, competition 
level, and school name
Required Yes N/A
The registration process will utilize a cloud-
based form that can be filled out by each 
team. 
Connect to external results display Required Yes N/A
The device will connect to an external 
display with an HDMI cable.
COMPETITION REGISTRATION
The competition registration process will use Google Forms surveys to collect and store team registration information to the cloud via Google
Drive. The registration form will be accessible via a direct address link. This registration data will be accessed by the windmill blade testing
device during operation, and competition results will be uploaded and linked to their respective teams’ registration information.
Figure 6. Electrical system circuit schematic.
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Figure 3. Windmill mount.
COMPETITION OPERATION
Figure 5. FEA result of the 3D printed frame components.
Figure 7. Windmill blade competition testing device prototype.
A competition system, shown in Figure 7, was designed and built
to test and rank the performance of windmill blades by power
generated. The system meets all outlined specifications and is
feasible in terms of competition structure, device design, and
electrical system viability. The project is set to be deployed at the
2020 Alief Wind Turbine Blade Challenge.
